that there is a barrier (blood-brain barrier, BBB) which restricts the passage of proteins and small lipid-insoluble molecules from blood to brain tissue in the adult brain ( 11, 19, 25) . Thus, even for sodium, there exists a definite restriction ( 12, 18) . However, the precise location of the BBB within the various anatomical structures of the brain is still a matter of controversy ( 11, 13, 20) . Among the structures suggested are the capillary endothelium and the glial end-feet processes outside the basement membrane, but some believe the barrier is the result of a lack of interestitial fluid. As emphasized by Krogh ( 19) , "the important point is that the rates of penetration of a number of substances, including ions, are very seriously slowed down, while others pass through with the greatest ease."
The simultaneous measurement of the dilution of several traces in a single passage through the capillaries of a given organ is a reliable method for investi gating the molecules from blood to tissue. This technique ful in the study of transcapillary exchange rates of substances in various organs (2, 3, 7, 8, 14, 29) and in determovement of has been usemining the size of the interstitial space in the heart (22, 27) and liver ( 16). The multiple-tracer dilution has also been applied to the study of transport of substances in the hepatocyte ( 17, 26, 29) , kidney tubule (5), placenta ( 14), and cardiac muscle (4, 26) .
Crone developed an in vivo preparation to study transcapillary exchange in the dog brain with the indicatordilution technique and he investigated the passage of nonelectrolytes (8, 9, 10) and a series of sugars ( 1, 10). For Dglucose he suggested the existence of a specific transport mechanism ( 10). However, in a later study, he could not definitely demonstrate the glucose transport mechanism and a notable result was that mannitol disappeared from the blood crossing a barrier that retained other molecules of equal size ( 1). In a preliminary study, Yudilevich The counting procedures used to separate the radioactivity of each tracer in the mixture have been described previously (2, 28). In summary, venous blood samples as well as an aliquot of the injectate were prepared for gamma and beta counting.
Gamma counting was done in a Tracerlab automatic well-type NaI (Th) scintillation spectrometer using a blood sample of 0.5-1.0 ml. Beta counting was done in a Packard automatic three-channel liquid scintillation spectrometer, in samples prepared from 0.2 ml of blood extracted in ethanol. In total, for each sample, three counting rates were obtained in different positions of the gammaand beta-energy spectra, to correct for cross contamination. Fractional extraction with hemoglobin as the reference tracer. The concentration of each indicator in every venous sample is referred to its concentration in the arterial injectate and expressed as percent of dose per unit volume. The normalized concentration of the reference intravascular molecule, hemoglobin-, $lCr in each sample, is called C(t), and that of the test molecules, c(t). A typical set of these indicatordilution curves, is shown in Fig. IA . It corresponds to an experiment in which the test molecules were 22Na and tritiated water. The relative characteristics of the curve with respect to hemoglobin51Cr are seen more clearly in section B of Fig. 1 , in which c( t)/C( t) is plotted. It can be seen that the HTO ratio starts at about 0.05 and remains essentially constant for about 5 sec. The ratio c(t)/C(t) for 22Na starts axis. It can be seen that by the time the 22Na ratio curve reaches unity about 50 % of the dose has been recovered. Some of the test molecules used in these experiments penetrate the red cells very slowly. Figure 2A shows ratio curves from the experiments with three pairs of these molecules: sucrose and sodium, mannitol and sodium, and glycerol and sodium. It can be seen that the ratio curves of all molecules follow the same pattern as 22Na, i.e., they start at a low ratio and increase rapidly toward unity. Furthermore, it is found that in each case the curve for 22Na is coincident with that of the other test molecule.
In Fig. 2B one can see that a very different result is obtained when Dglucose-3H is run simultaneously with 22Na. These ratio curves are separated throughout the 5 set that the sampling period lasts; glucose concentration is always lower than that of 22Na. Notice that glucose and mannitol are molecules of similar size that nonetheless show entirely different ratio patterns in relation to sodium. Another group of test substances is formed by those that equilibrate with the red cells at a relatively rapid rate in such a way that a fraction of them circulates inside the red cells in a single passage. Urea and chloride are two examples of these molecules.
In Fig. 3 , it is shown that the ratio curve for urea starts above the curve for 22Na. The same occurs for 36Cl compared to mannitol. However, similar to 22Na, urea and chloride curves start below unity increasing rapidly toward this value. The difference between the initial values for urea-14C, or 36C1, and 22Na is due to the fact that urea and chloride travel partly in the red cells which have a shorter transit time through the microcirculation than plasma (6). The data obtained from multiple-tracer first-passage experiments with diffusible indicators have been subjected to several analyses (7, 8, 22, 26, 30) . An important premise is that the intravascular transit times for all tracers are identical.
Provided that this is true, it becomes evident that when the venous concentration of a test molecule, c(t), is less than the concentration of a reference nondiffusible molecule, C(t), the former molecule has diffused into the extravascular space through the exchanging part of the microcirculatory system (hereafter called capillary bed extractions : E( 0) was computed from the concentration ratio of the first sample that contained significant amounts of radioactivity; E(p) was computed from the average of the ratios after the peak of the hemoglobin-Wr dilution curve. The two extraction values, for each experiment, are listed in Table 1 . It is seen that for HTO, E(0) and E(p) are nearly equal, averaging 0.85. For all the other test molecules, except p-glucose, E(0) is large whereas E(p) is near zero. Glucose is an outstanding exception from the standpoint that E(0) and E(p) are large, the latter averaging 0.33 (range between 0.11 and 0.51).
The extraction E( 0) and E(p) of sucrose, if compared to the respective sodium values, are equal when they are run simultaneously in the same preparation. This indicates that the same barriers retain both molecules in the same space. The same conclusion applies to glycerol and mannitol as seen from Table  1 . Even though the red cell-trapping effect obscures the E(0) data, the fact that E(p) values are close to zero for urea and chloride suggest that they are also confined to the sucrose space. Rubidium, which was not run simultaneously with either sodium or a larger molecule, is also confined to the sucrose space as its peak extraction is null.
Fractional extraction with sodium as reference tracer. The rapid passage of glucose through the BBB was further investigated with 22Na as an extracellular reference molecule. Figure 4 illustrates a typical D-glucose-versus-sodium ratio curve for the first 5 sec. During this time, the volume of the blood that has circulated through the brain since the time of injection is about 90 o/c, of the total blood contained in the organ. The average extraction value estimated from the ratios is 0.54. Extraction values computed in this way, for all experiments with glucose are presented in Table 2 . It can be seen that D-glucose-3H extraction is sensitive to the concentration of D-glucose (Fig. 5) . Extractions in the presence of carrier glucose were lower than the control values. These experiments involved the addition of carrier glucose to the injectate in order to make it 0.5 M in glucose. In the control experiment (ccwithout carrier") the injectate was made 0.5 M mannitol.
In larger than the latter. In Table 1 it can be seen that E(0) I ranges from 0.26 to 0.68 and E(p) from 0.11 to 0.5 1. According to this interpretation, the rapid backdiffusion of sodium is due to its distribution in a small interstitial space between the endothelium and the glial end feet. The backdiffusion of HTO is slow because this substance rapidly penetrates a larger volume that includes the water space of all cells in the brain. D-Glucose crosses the capillary barrier passively but its backflow is very slow, presumably because it is transported into the glia. Objections might be raised to the interpretation just presented as it is puzzling that in the brain capillaries molecules ranging in molecular diameter from 4 A (sodium) to 8.8 A (sucrose) all appear to have large initial capillary extraction E(O). The morphological evidence is that the cell junctions in brain capillaries are zonulae occludents which are supposed to bc diffusion tight even though this has been demonstrated only for big molecules like peroxidase with a molecular weight of 40,000 (23). It should be noticed that E( 0) values are not related to the molecular size; neither when E(0) is low, nor when it is high. This is different from the results in the heart, with the same molecules, in which at relatively low extractions it was found that the larger the molecule the lower the extraction (3). The openings in the heart capillary were estimated to be wider than 80-100 A. On the other hand, the validity of brain initial capillary extraction with respect to a protein of the size of hemoglobin has been criticized by Lassen and Crone (2 1). They recently proposed that in brain circulation there could be vascular zones at which plasma flow is of a laminar type. This type of flow can produce an intravascular separation of molecules of various diffusibilities thus altering their relative vascular transit times. This is similar to the separation of red cells and plasma as seen in Fig. 3 . In our experiments, hemoglobin, which is considerably larger than the test molecules, will travel the fastest. This causes the first sample to be relatively richer in hemoglobin than in the test molecule.
In other words, this produces a displacement in time of the dilution curves of the reference and test molecules resulting in a false initial extraction followed by a decrease and a later increase. This is similar to the pattern here found for 22Na and all the other molecules except water and glucose (Fig. 1 B) . The convection-diffusion effects were described by Taylor (24) for a solute injcctcd into a stream of solvent flowing through a tube, and Lassen and Crone proposed this explanation to account for their results in human brain with 24Ka and albumin labeled with Evans blue (21).
In summary, the present data support the proposal that early brain capillary fractional extractions measured using a labeled protein (hemoglobin or albumin) as the reference intravascular tracer are not reliable. Even though the reliability of the extractions measured after the peak of the dilution curves, E(p), can be expected to be better than E( 0), we have chosen to compare all molecules to sucrose as the intravascular reference. The results show that mannitol, glycerol, urea, sodium, and chloride are confined to the sucrose space in a single passage through the brain microcirculation and, therefore, any one of these can be used an intravascular reference. Exceptions are water which diffuses freely into a much larger space and glucose which is discussed below.
To investigate the blood-to-brain transfer of glucose, sodium was used as the marker of the intravascular space. The striking difference between D-and L-glucose extractions and the effect of increasing the concentration of unlabeled D-glucose demonstrate that the passage through the BBB of D-glucose is a mediated transport process. With respect to the localization of the glucose transport system we can only conclude that it is in the same barrier that restricts sucrose and sodium. It is not possible from the data to separate a "passive" capillary endothelium from an "active" glial capillary investment.
The serial barrier GLUCOSE TRANSCAPILLARY PASSAGE IN BRAIN analysis (26) discussed above requires, in the brain, a still higher time resolution than that used here since the diffusion time of the test molecules across the narrow space that separates both structures may be in a lower order of magnitude. Therefore, we were not able to experimentally contradict the viewpoint that the BBB permeability reflects the permeability of the endothelial cells proper (9, 10, 11). The only previously published studies on brain extraction for some of the molecules used here are those of Crone et al. (1, 8, 9, 10) . F rom the present study it is evident that their values and estimated permeabilities must be revised, since it was assumed that the intravascular transit times of the reference molecules, (T-1824)-labeled albumin or unlabeled inulin, and of the test molecule were equal. This could explain the great variability of their results as well as some contradictory findings. For example, in rabbit brain, extractions between zero and 40 % were found for a series of sugars (1) and it was difficult to confirm Crone's earlier finding ( 10) that glucose was transported by a faciltated mechanism through the blood brain-barrier of the
